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PERFORMANCE CONTROL APPARATUS AND METHOD FOR DATA 

PROCESSING SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to a 
performance control apparatus and more particularly to 
a performance control apparatus that can modify 
5 performance in accordance with the rate of operation of 
an instruction processor* 

In the construction of a computer system, the 
processing power or the maximum processing speed of a 
computer is determined to match an expected maximum 
10 amount of operation. On the other hand, in operation, 
the rate of operation is monitored to examine the 
sufficiency of the processing power and the data 
monitored and the like are collected to be stored as 
operation history. The stored data can be analyzed to 
15 thereby extremely eliminate impediment, to operation due 
to lack of the processing power. 

SUMMARY OF THE INVENTION 

As described above, in the conventional 
computer system, the processing power of the computer 
20 is selected to match the expected maximum amount of 
operation. Accordingly, the charge paid by the user 
for use of the computer is not set to an actual amount 
of operation but is set to the maximum amount of 
operation, so that there is a problem from the 



viewpoint of service to the user. 

Further, when the amount of operation is 
increased rapidly and exceeds the maximum amount of 
operation, the processing of operation is sometimes 
5 inversely affected. 

Furthermore, when monitoring and modification 
of the processing power of a processing unit (CPU) in 
the operation are made manually, immediate processing 
to cope with the rapidly increased amount of operation 
10 cannot be attained, so that the operation is adversely 
affected and the cost is raised. 

It is an object of the present invention to 
provide a performance control apparatus that can modify 
performance of an operation control unit in accordance 
15 with the rate of operation to exhibit the performance 
conformable to variation in an amount of operation. 

According to the present invention, in order 
to solve the above problems, the following measures are 
adopted. 

20 The performance control apparatus according 

to the present invention comprises an operation 
processing unit that can control performance 
represented by the number of instructions executed per 
unit time by means of hardware, a monitoring unit that 

25 measures the performance, a control unit that controls 
to modify the performance of the operation processing 
unit, a control information memory unit that stores 
control information which is a reference or standard 
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for modifying the performance, and a history 
information memory unit that stores history information 
of the performance measured by the monitoring unit, 
whereby the control unit controls to modify the 
5 performance on the basis of the control information and 
the history information. 

Other objects, features and advantages of the 
invention will become apparent from the following 
description of the embodiments of the invention taken 
10 in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram schematically 
illustrating a performance control unit according to an 
embodiment of the present invention; 
15 Figs. 2A to 2F show examples of control 

tables stored in a control information memory unit; 

Fig. 3 shows a monitored data table; 

Fig. 4 is a diagram explaining a method of 
calculating the rate of operation; 
20 Fig. 5 is a flow chart showing processing of 

the control unit; 

Figs. 6A and 6B are diagrams explaining 
modification of the processing power of a processing 
unit; 

25 Figs. 7A and 7B are diagrams explaining the 

charges for using for kinds of contract; 

Figs. 8A and 8B are diagram explaining the 
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charges for using for kinds of contact; 

Fig. 9 is a diagram explaining the charge for 
using for a kind of contact; and 

Fig* 10 is a diagram showing examples of 
5 calculation of the charges for using. 

DESCRIPTION OF THE EMBODIMENTS 

Embodiments of the present invention are now 
described with reference to the accompanying drawings. 
Fig. 1 is a block diagram schematically illustrating a 

10 performance control apparatus according to an 

embodiment of the present invention. The performance 
control apparatus includes a computer 10 having the 
performance to be modified, a processing unit 20 
(processor) for processing or executing programs, a 

15 monitoring unit 40 for measuring the rate of operation 
of an instruction processor in the processor unit 20, a 
control information memory unit 110 for storing 
information (the rate of operation, a duration and the 
like of the processor) which is the reference or 

20 standard for judging modification of the performance, a 
control unit 30 for judging on the basis of the 
operation rate of the processor collected by the 
monitoring unit 40 and the control information stored 
in the control information memory unit 110 whether it 

25 is necessary to modify the performance or not and 

controlling to modify the performance of the processor 
on the basis of the judged result, a history memory 
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unit 50 for storing modification history of the 
performance and the operation time collected by the 
monitoring unit 40 in external storage apparatuses, and 
external storage apparatuses 60 and 70 for storing 
5 information in the history memory unit 50. 

Further, the performance control apparatus 
includes a network 80 for connecting the computer 10 
and a remote operation terminal 90 and the remote 
operation terminal 90 connected through the network 80 

10 to the computer. Furthermore, stored in the control 
information memory unit 110 of the computerlO are 
information as to whether there is contract with the 
user of the computer or not, contract contents 
indicating a modification range of the performance when 

15 there is the contract, an interval value indicating the 
interval at which operation of the processing unit 20 
is monitored, the operation rate and the duration data 
of the instruction processor whicH are the standard for 
modification of the performance, and indication 

20 information for modification of the performance from 

the network. The remote operation terminal 90 includes 
control information modification means 91 for modifying 
information in the control information memory unit 110 
in the computer 110 and charge calculation and 

25 collection means 92 for getting the information stored 
in the history memory unit 50 and calculating the 
charge for using the processor. A financial agency 120 
performs collection and settlement of the charge. 



Further, the calculation of the charge may be made by 
the computer 10. Numeral 100 denotes a terminal having 
an interface for displaying and modifying information 
stored in the control information memory unit 110. 

Figs. 2A to 2F show examples of control 
information tables in the control information memory 
unit 110. Fig. 2A shows an example of the control 
information table. Fig. 2B shows a control information 
portion 1 (2030) of the control information table,- Fig. 
2C shows a control information portion 2 (2040) of the 
control information table, Fig. 2D shows a control 
information portion 3 (2050) of the control information 
table, Fig. 2E shows a continuation of the control 
information portion 3 (2050) of the control information 
table shown in Fig. 2D, and Fig. 2F shows kinds of 
contract of the control information portion 1 in 
detail . 

In Fig. 2A, the control information table 
includes a computer performance information portion 
2010, an operation information portion 2020, the 
control information portion 1 (2030), the control 
information portion 2 (2040) and the control 
information portion 3 (2050) . The computer performance 
information portion 2010 includes an upper limit and a 
lower limit as the modification range of the 
performance (processing speed) of the computer itself. 
In this example, the upper limit is 300 MIPS and the 
lower limit is 100 MIPS. The operation information 



portion 2030 indicates performance value which is 
information of the operation state at present. In this 
example, the operation information portion 2020 
indicates that the processing power or the maximum 
5 processing speed at present is 200 MIPS. 

The control information portion 1 (2030) 
shown in Fig. 2B includes information representing the 
presence of contract which is the standard for judging 
modification of the performance, kind of the contract, 
0 duration of the contract, modification range of the 
performance, a standard value of the performance, a 
standard value of the duration, a modification width at 
a time and an interval value. 

The kind of contract is represented by a 
5 unique identifier shown in Fig. 2F in accordance with 
contract coverage. The duration of contract is a 
period from conclusion of the contract for collection 
of the charge accompanied by modification of the 
performance until the present time. The modification 
) range of the performance in Fig. 2B indicates the upper 
limit and the lower limit at the time that the 
performance is modified. Information stored in the 
modification range of the performance is different 
depending on the kind of contract. For example, when 
the kind of contract is A, C or D shown in Fig. 2F, the 
modification range of the performance has the same 
upper and lower limits as those in the modification 
range of performance in the computer performance 



information portion 2010. On the other hand, when the 
kind of contract in Fig. 2E is B or E, the modification 
range of the performance has the upper and lower limits 
of the performance based on the contract. In this 
5 example, there is the contract of the measured rate 
system within a designated contract and the upper and 
lower limits of the performance within the contract 
range are 250 and 50 MIPS, respectively. The standard 
value of performance and the standard value of duration 

10 represent upper and lower limits of the rate of 

operation of the instruction processor and a duration 
at the time that the control unit 30 judges whether the 
performance is modified or not. This example shows 
that the performance is modified when the state that 

15 the rate of operation of the instruction processor is 
larger than or equal to 90 % or smaller than or equal 
to 60% continues 360 seconds. The modification width 
at a time represents information of the modification 
width at the time that the control unit 30 instructs 

20 the processing unit 20 to modify the performance and 
the interval value represents an interval at which the 
rate of operation of the instruction processor is 
monitored. In this example, the modification width at 
a time is 10 MIPS and the interval value of the 

25 instruction processor is 60 seconds. 

The control information portion 2 (2040) 
shown in Fig. 2C is information for controlling forced 
modification of the performance and shows a flag for 



indicating modification and a performance value at the 
time that the modification is made. In this example, 
the flag is "0" indicating that there is no forced 
modification. The control information 3 (2050) shown 
5 in Figs. 2D and 2E show the duration of contract, a 
reduction rate of the charge corresponding to the 
previously set duration of contract and unit price per 
a MIPS for each performance. 

Fig. 3 is a diagram showing a monitored data 

10 table of history information collected by the 

monitoring unit 40 and stored in the history memory 
unit, that is, the modification history of the 
performance and operation time information stored in 
the history memory unit. As shown in Fig. 3, the 

15 performance value (MIPS) for each minute and the 

operation rate data (the usage rate of use of CPU) are 
stored in the monitored data table. In this example, 
since the performance exceeds the upper limit" 90% of 
the standard value of the performance in the control 

20 information table shown in Fig. 2B continuously 360 
seconds or more which is the standard value of the 
duration, the performance (MIPS) is changed or modified 
from 50 MIPS to 60 MIPS at time "9:45:00". 

Fig. 4 is a diagram explaining the method of 

25 calculating the rate of operation (the usage rate of 
CPU) . In this example, when a W bit (waiting bit) of 
PSW (program state word) indicating the execution state 
of the program are on (W=l), the program is not 



executed and this is the time that the CPU is not used. . 
When W=0, it indicates that the W bit (waiting bit) is 
off state. By measuring this time by a timer or the 
like, the operating rate (the usage rate of CPU) in a 
5 predetermined period (interval) can be calculated by 
the following equation. 

The rate of operation (the usage rate of CPU) 
can be calculated by the use time of CPU (tl) / the 
interval (t) . 

10 Fig. 5 is a flow chart showing processing of 

the control unit 30. First, in step 1000, the flag 
indicating whether the contract is made or not is 
judged by referring to the control information table 
(Fig. 2A) in the control information memory unit 110 

15 and when the computer does not make the contract, the 
processing is ended without implementation of any 
processing. When the computer is a contractual one, 
the processing proceeds to step 1010. In step 1010, 
the flag for the forced modification in the control 

20 information table is judged and when the forced 

modification is indicated, the processing proceeds to 
step 1070, in which the processing unit 20 is 
instructed to modify the performance to a performance 
value for modification in the control information table 

25 and the processing is ended. When the forced 

modification is not indicated, the processing proceeds 
to step 1020, in which the operation rate information 
of the instruction processor is acquired from the 



monitoring unit 40. In step 1030, it is judged whether 
the operation rate of the instruction processor exceeds 
the standard value of the performance (upper limit) in 
the control information table or not. When the 
5 standard value (upper limit) is exceeded, the 

processing proceeds to step 1040 and when it is not 
exceeded, the processing proceeds to step 1080. In 
step 1040, it is judged whether the operation rate 
exceeds the standard value of the duration in the 
10 control information table and this state is continued 
or not. When the standard value of the duration is 
exceeded and this state is continued, the process 
proceeds to step 1050 and when it is not exceeded or 
the state is not continued, the processing is ended. 
15 In step 1050, the current performance value in the 
control information table is compared with the 
modification value (upper limit) of the performance. 
When there is room for modification of the processing 
power, the processing proceeds to step 1060 and when 
20 there is no room, the processing is ended. In step 

1060, the processing unit 20 is instructed to increase 
the processing power and the processing is ended. 

In step 1080, it is judged whether the 
operation rate of the instruction processor is lower 
25 than the standard value (lower value) of the 

performance or not. When it is lower than the standard 
value (lower limit) of the performance, the processing 
proceeds to step 1090 and when it is not lower, the 
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processing is ended. In step 1090, it is judged 
whether the standard value of the duration is exceeded 
and this state is continued or not. When the standard 
value of the duration is exceeded and this state is 
5 continued, . the processing proceeds to step 1100 and 
when it is not exceeded or the state is not continued, 
the processing is ended. In step 1100, the current 
performance value in the control information table is 
compared with the modification value (lower limit) of 

10 the performance. When there is room for modification 
of the processing power, the processing proceeds to. 
step 1110 and when there is no room, the processing is 
ended. In step 1110, the processing unit 2 is 
instructed to reduce the processing power and the 

15 processing is ended. 

Figs. 6A and 6B are diagrams explaining a 
method of modifying the processing power of the 
processing unit. Fig. 6A explains a method using 
insertion and deletion of dummy step and Fig. 6B 

20 explains a method using modification of a machine 
cycle. 

In Fig. 6A, the performance of four 
instructions/unit time as shown on the left side 
thereof can be modified to the performance of two 
25 instructions/unit time by inserting dummy steps in 
which nothing is made actually as shown on the right 
side of Fig. 6A. 

In Fig. 6B, the performance of four 



instructions/unit time as shown on the left side 
thereof can be modified to the performance of two 
instructions/unit time as shown on the right side of 
Fig. 6B by modifying a necessary time for one 
5 processing unit. 

The processing unit 20 can adopt any or both 
of the above methods to modify the performance. 
Further, a plurality of modules having different levels 
of performance may be provided previously and the 

10 modules may be changed over. 

Figs. 7A, 7B, 8A, 8B and 9 show the charges 
for kinds of contract. In these drawings, numeral 3010 
denotes a modification range of the processing power of 
computer, 3020 a modification range of the processing 

15 power or maximum processing speed under contract, 3030 
initial performance value upon introduction of 
computer, thick line shown by 3040 actual processing 
power or speed, and meshed portion shown by 3050 actual 
accounting range. Fig. 7A shows a model for 

20 calculating the charge of the perfect measured rate 
system. Fig. 7B shows a model of a measured rate 
system in which the upper limit of the performance is 
set in the modification range of the processing power 
under contract and the performance is limited thereto. 

25 Fig. 8A shows a model of the fixed charge. Fig. 8B 

shows a model using the measured rate system for use in 
case where a previously set performance is exceeded. 
Fig. 9 shows a model of a measured rate system in which 



an upper limit is set in the performance under contract 
and the performance is limited thereto. 

Fig. 10 shows a calculation example of the 
charge for using. The left-hand table shows the 
5 history information stored in the history memory unit 
50 and the right-hand table shows a calculation example 
of the charge based on the history information. 

Referring now to Figs. 2A, 7B and 10, the 
method of calculating the charge on the basis of the 
10 history information of operation is described by taking 
the case where the kind of contract is B (measured rate 
system within designated contact) as an example. 
According to the control information portion 1 of the 
control information table shown in Fig. 2A, this 
15 contract has the kind of contract being B (measured 

rate system within designated contract) , the duration 
of contract being 37 months and the modification range 
of performance being 250 to 50 MIPS. 

The charge for using is calculated by 
20 multiplying the unit price of MIPS by an operation 

time. As shown in Fig. 10, the operation history being 
operated at 50 MIPS is left for 45 minutes from 9:00 to 
9:45. Further, since the unit price of MIPS upon 
contract is 200 ¥/h as shown in the control information 
25 portion 3 of Fig. 2E, the charge for this period is 
200 (¥/h) X 0 . 75 (h) =¥150 . Hereinafter, calculation is 
made similarly and the charge for 9:00 to 17:00 is 
¥2, 750. 



Further, an example is described in which 
when the duration of contract is longer than or equal 
to a fixed duration, the charge is reduced to be 
calculated. In this example, the duration of contract 
5 is 37 months and when the reduction rate of 20% of the 
control information 3 as shown in Fig. 2D is applied, 
the charge is ¥2,200, 

The charge is calculated by means of the 
operation terminal 90 or the like. The calculated 
10 charge can be collected by sending a detailed statement 
of utilization and a bill to the contracted user and 
being paid from the contracted user's bank account. 

As described above, according to the 
embodiment, delay of operation due to lack of the power 
15 of CPU caused by temporary increase of the operation 
amount can be mitigated or avoided. Further, the 
charge system can be selected in conformity with 
practical use in response to various forms and demands 
of the users to thereby reduce the operation cost. 
20 As described above, according to the present 

invention, since the performance of the operation 
control unit is modified in accordance with the rate of 
operation, there can be provided the performance 
control apparatus that can exhibit the performance 
25 conformable to variation in the amount of operation. 

It should be further understood by those 
skilled in the art that although the foregoing 
description has been made on embodiments of the 
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invention, the invention is not limited thereto and 
various changes and modifications may be made without 
departing from the spirit of the invention and the 
scope of the appended claims • 



